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(54) Porous biodegradable implant material and method for its fabrication 



(57) There is described a biocompatible and biode- 
gradable implant for a cavity in a bone of a living organ- 
ism which is made of biocompatible and biodegradable 
granules which are selected from the group consisting 
of biopolymers, bioglasses, bioceramics preferably cal- 
cium sulfate, calcium phosphate apatite or a mixture 
thereof. The biocompatible and biodegradable granules 
are provided with a coating, which comprises at least 
one layer of a polymer selected from the group consist- 



ing of poly(cc-hydroxyesters), poly(orthoesters), polyan- 
hydrides, poly(phosphazenes), poly (propylene fuma- 
rate), poly(ester amides), poly(ethylenefumarate), poly- 
lactide, polyglycolide, polycaprolactone, poly(giycolide- 
co-trim ethylene carbonate), polydioxanone, co-poly- 
rners thereof and blend of those polymers. The biocom- 
patible and biodegradable implants are obtained by fus- 
ing together the polymer-coated granules through poly- 
mer-linkage of the polymer coatings of neighboring 
granules. 
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Description 

[0001] The present invention concerns a biocompati- 
ble and biodegradable implant for implantation and/or 
insertion into cavities of a living organism such as bone 
defects or extraction wounds and method for its fabrica- 
tion. 

INTRODUCTION AND BACKGROUND OF THE 
INVENTION 

[0002] Bone defects can be treated by the implanta- 
tion of an autograft, an allograft, or a xeno-graft in the 
healing site. However, these biological implants suffer 
of many drawbacks, among them, for example, short- 
age of donor tissue, bacterial and viral contamination, 
etc. Biocompatible synthetic implants generally present 
less osteoconductive and osteoinductive effects than bi- 
ological grafts. But they are usually save and can be 
manufactured in a reproducible manner. 
[0003] I n dental treatment, for example, the extraction 
of a tooth leaves an open wound that might be contam- 
inated by bacteria. Moreover, it is a known problem, that 
due to the absence of the tooth, alveolar bone sponta- 
neously undergoes remodeling, leading to its atrophy. 
Such atrophy may then cause many complications for 
subsequent reconstruction. In orderto prevent this proc- 
ess, it has been suggested in the prior art (US-A- 
6,132,214) to implant into the extraction site a biode- 
gradable implant, which is an exact copy of the extracted 
tooth. Although such implants lead to promising results, 
the bone in-grow in the alveolar site is relatively low, in 
particular in the early stage of the healing process. The 
use of poly(a-hydroxy acids), such as, for example pol- 
yglycolide, polylactide, or co-polymers thereof, leads to 
a massive release of acidic products in the environment 
of the implant during its degradation. This acidification 
of the environment may then even provoke tissue necro- 
sis. 

[0004] While the problems of the prior art have been 
described with reference to dental problems it will be ap- 
preciated by those skilled in the art that implants are also 
used as treatments for other skeleton parts. If, for ex- 
ample, a part of the skeleton is stricken by a tumor, the 
area stricken by the tumor may be removed and re- 
placed by an implant. In that case with the implants 
known from the prior art similar problems as those de- 
scribed with respect to dental treatments may arise. 
[0005] Other known implant systems and methods in- 
clude, for example US-A-5,741 ,329. In this reference, it 
is suggested to control the changes of the pH value in 
the vicinity of biodegradable implants. Thus, during the 
degradation of the implant the pH value is effectively 
maintained between 6 and 8 by incorporating a basic 
salt, preferably calcium carbonate or sodium bicarbo- 
nate into a polymeric matrix, preferably poly(lactide-co- 
glycolide) with a lactide to glycolide molar ratio of 50/50. 
An amount of about 5% to about 30% of ceramic parti- 



cles is dispersed in the polymer. The resultant porous 
implants are only poorly interconnected and have only 
poor mechanical stability. 

[0006] In DE-A-31 06 445 a combination of osteocon- 
s ductive bioceramics with biodegradable polymers is 
proposed in order to prepare osteoconductive biode- 
gradable implants. Porous tricalcium phosphate ceram- 
ics are impregnated with a therapeutically active sub- 
stance, which is disposed in the pores of the ceramics 
10 body. For controlling the release of the therapeutically 
active substance the sintered bioceramic is then coated 
with a thin polymer film (e.g. polydextran). In US-A- 
4,610,692 it is suggested to impregnate a porous sin- 
tered tricalcium phosphate body with therapeutically ac- 
15 tive substances, such as antibiotics (e.g. gentamicin). 
and/or disinfecting substances (e.g. polyvinyl pyrro- 
lidone iodine). The release of these substances is con- 
trolled by coating the sintered bioceramic porous body 
with a polymer film (e.g. polymethacrylate, polylactide, 
20 polydextran). 

[0007] From the prior art there are already known 
open porous implants which are made from an aggre- 
gation of granules. In US-A-5,626 a polymer matrix con- 
sisting preferably of 50/50 polylactide/polyglycolide co- 
25 polymer is described, which is reinforced with particu- 
late hydroxy apatite. This combination of materials is 
supposed to permit to maintain the integrity of the im- 
plant as the degradation proceeds. Also the osteocon- 
ductive potential is supposedly increased. In the manu- 
re facture of the implant particulate hydroxyapatite having 
an average particle size of about 1 0 - 1 00 p.m, and inert 
leachable particles (e.g. NaCI of a particle size of about 
100-250 urn) are suspended in a PLGA solvent solution. 
The polymer solvent solution is emulsified and cast into 
35 any appropriate mold. As the solvent is evaporated from 
the salt, ceramics and polymer mixture, the dried mate- 
rial retains the shape of the mold. The salt particles with - 
in the implant are then leached out by immersion in wa- 
ter. By this method pores having a diameter of about 
40 1 00- 250 um are left in the implant. The major drawback 
of this method is the necessity of a complete removal of 
the organic solvent, which takes time and requires costly 
analysis before the implant may be applied to the patient 
in order to treat bone defects. 
45 [0008]' In US-A-5,866,155 a method for the manufac- 
ture of three-dimensional macroporous polymer matri- 
ces for bone graft is suggested. For that purpose calci- 
um phosphate based materials are added to polymer 
microspheres in order to produce flexible matrices for 
50 bone replacement or tissue engineering. In one embod- 
iment a sintered microsphere matrice is prepared. A 
mixture containing degradable polymer microspheres, 
calcium phosphate based materials and porogen parti- 
cles (NaCI) is cast in a mold, compressed and sintered 
55 such, that the microspheres of the cast mixture bond to 
each other after heating over their glass transition tem- 
perature. After removal from the mold and cooling, the 
porogen is leached out in orderto produce a matrice for 
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use in bone replacement. In a second embodiment it is 
described that the microspheres a bonded together by 
using an organic solvent. After removal of the solvent 
and leaching out of the porogen material three-dimen- 
sional structures are obtained for bone replacement. A 
still further alternative method consists in the prepara- 
tion of gel-like polymer microspheres, having sticky sur- 
faces. Calcium-phosphate particles are then added to 
the sticky microspheres. The mixture is stirred, cast in 
a mold and dried in order to obtain the desired open po- 
rous structure. 

[0009] Lu et al. in "3-D Porous Polymer Bioactive 
Glass Composite Promotes Collagen Synthesis and 
Mineralization of Human Osteoblast-like Cells", Sixth 
World Biom ate rials Congress Transactions, Hawaii, 
(2000), p: 972 describe a method to prepare 3-D con- 
structs made of Bioglass® 45S5 and poly(lactide-co- 
glycolide). The method consists of the dissolution of the 
polymer in a methylene chloride and the addition of Bi- 
oglass granules having a size of less than 40 urn, to the 
solution. The mixture is then poured into a 1% polyvinyl 
alcohol solution and the spheres are allowed to harden. 
3-D constructs are made by heating the microspheres 
in a mold at 70°C for 20 hours. The method suffers the 
disadvantage that it is very difficult to control the degree 
of deposition of the polymer on the surface of the bi- 
oglass granules. An aggregation of the granules is also 
difficult to avoid. A heat treatment of the granules gen- 
erally leads to problems, in particular if highly volatile 
and/or thermolabile biologically active substances, such 
as, for example, growth factors, are to be added to the 
granules. 

[0010] In US-A-6,203,574 it is suggested to bond ce- 
ramic granules with each other using a biodegradable 
substance. By the suggested method an interconnect- 
ing open porous structure is supposed to be obtained. 
Hydroxyapatite particles of sizes from 1 00- 300 urn are 
heated to 200°C, while polylactide particles having a 
particle size smaller than 2 1 0 u,m are heated to 1 00°C. 
The hydroxyapatite particles are then added to the poly- 
lactide particles. The mixture is intimately shaken in or- 
der to obtain a homogeneous mixture of particles. By 
this method the polylactide adheres to the surface of the 
hydroxyapatite particles. Thereafter, a mixture of poly- 
lactide particles containing fine hydroxyapatite and poly- 
lactide granules with a size of 21 0 - 420 ujn is added to 
the coaled large hydroxyapatite particles. The resulting 
mixture is poured into a mold and heated to 1 95°C. After 
cooling a molded open porous implant is obtained. How- 
ever, this method suffers a number of drawbacks. The 
particles are bonded together in a heating process, 
which excludes the incorporation of thermally labile os- 
teoinductive substances such as growth factors or other 
proteins. Antibiotics can also be altered and even de- 
stroyed by the necessary elevated temperatures. Al- 
though the polylactide particles are supposed to adhere 
to the surface of the ceramic particles they can also ad- 
here to each other. Thus, aggregates of polylactide are 



formed. This can lead to the formation of inhornogene- 
ous implants. The suggested method does not allow the 
control of the thickness and homogeneity of the coating 
of the ceramic particles. Thus, the suggested system 
5 may not be optimal for a controlled delivery of pharma- 
ceutical ly active substances. Moreover, the suggested 
method is incompatible with the desire to use as little 
polylactide as possible for the production of implants. 

10 OBJECTS AND SUMMARY OF THE INVENTION 

[0011] It is an object of the present invention to pro- 
vide a biocompatible and biodegradable implant, which 
overcomes the aforementioned problems associated 
is with materials and methods of implantation and/or in- 
sertion into bone cavities or extraction wounds. A bio- 
compatible and biodegradable implant is to be provided 
which upon insertion/implantation assists in the reduc- 
tion of a loss of bone volume. It is a further object of the 
20 present invention to provide an implant which may be 
assembled and shaped easily in the desired manner to 
a defect-analogous implant in order to avoid hollow 
spaces between the implant and the sidewalls of the 
cavity. There is to be provided an implant having an 
25 open interconnected macro porosity which allows tis- 
sue in-growth. The properties of the biocompatible im- 
plant shall be such, that it also may be used for reduction 
of bacterial growth and infection in a bone wound and 
the like. It is still a further object of the invention to pro- 
30 vide a method for a fast and comparably simple and cost 
effective fabrication of the biocompatible and biode- 
gradable implant according to the invention. 
[0012] According to the invention a biocompatible and 
biodegradable implant for the filling of a cavity in a living 
35 organism such as, for example, a bone defect, is sug- 
gested which is made of a number of biocompatible and 
biodegradable granules made of materials selected 
from the group consisting of biopolymers, bioglasses, 
bioceramics preferably calcium sulfate, calcium phos- 
40 phate such as monocalcium phosphate mono hydrate, 
monocalcium phosphate anhydrous, dicalcium phos- 
phate dihydrate, dicalcium phosphate anhydrous, tetra- 
calcium phosphate, calcium orthophosphate phos- 
phate, a-tricalcium phosphate, p-tricalcium phosphate, 
45 apatftesuch as hydroxyapatite, or a mixture thereof. The 
biocompatible and biodegradable granules are provided 
with a coating, which comprises at least one layer of a 
biocompatible and biodegradable polymer. The biocom- 
patible and biodegradable polymer-coating is selected 
50 from the group consisting of poly(a-hydroxy esters), poly 
(orthoesters), polyanhydrides, poly(phosphazenes), 
polypropylene fumarate), poly(ester amides), polyeth- 
ylene fumarate), polylactide, polyglycoiide, polycaprol- 
actone, poly(glyco I ide-co-tri methylene carbonate), 
55 polydioxanone, co-polymers thereof or blend of those 
polymers. The biocompatible and biodegradable im- 
plants are obtained by fusing together the polymer-coat- 
ed granules through polymer-linkage of the polymer 
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coatings of neighboring granules. 
[0013] By special selection of the biocompatible and 
biodegradable materials for the granules and their coat- 
ings, the growth and the proliferation of osteoblast-like 
cells may be supported during the degradation of the 
implant, which is finally replaced by newly formed bone 
tissue. The implant may in certain cases also prevent 
the erosion of the bone tissue surrounding the bone de- 
fect to be healed. 

[0014] The fusing process is carried out such, that im- 
plants having an open interconnected porosity with ma- 
cropores having average diameter from about 100 u.m 
to about 500 ujn, preferably about 200 u.m to about 300 
u.m is achieved. 

[0015] The fusing of the polymer-coated granules to 
a biocompatible and biodegradable implant is carried 
out with biocompatible and biodegradable granules hav- 
ing micropores with average diameters of about larger 
than 0 to about 1 0 u,m. The employed process is select- 
ed such, that in the implant the microporosity remains 
and/or macropores are formed having average diame- 
ters of about more than 1 0 um to about 500 u.m, prefer- 
ably about 100 u,m to about 300 ujti. 
[001 6] It is to be noted that only the uncoated biocom- 
patible and biodegradable granules have the claimed 
porosity; once the granules are coated the porosity is 
practically not recognizable any more from the outside. 
Granules made of bioceramics, which have been sin- 
tered very densely, do not have a considerable micro- 
porosity at all. The porosity of the granular material and/ 
or the implants provides an even larger surface area. In 
addition the pores may be filled, e.g., with an antibiotic 
substance, with growth factors and like biologically ac- 
tive substances. Thus, the biocompatible and biode- 
gradable implants, when implanted into a cavity or ex- 
traction wound not only fill the cavity, but permit the con- 
trolled release of biologically active substances. For ex- 
ample, the substance within the pores may be selected 
such that bacterial growth, fungal growth and the like 
more are hindered. 

[0017] Preferably granules are selected, which have 
an equivalent-diameter of about 350 u,m to about 2000 
u,m, preferably 500 urn to 1000 uum. Granules of the se- 
lected equivalent diameters are easily handled and 
readily further processed. 

[0018] While the term equivalent-diameter indicates 
that the biocompatible and biodegradable granules may 
be of irregular shape, it is of advantage when it is pro- 
vided with a regular shape. Preferably it has a generally 
spherical shape. Due to its homogeneous structure the 
spherical shape of the granular material allows a better 
handling and an easier estimation of the required quan- 
tity of granular material in order to fill a known volume 
of a cavity. 

[0019] The biocompatible and biodegradable gran- 
ules are preferably formed from a powdery base mate- 
rial, said powdery base material having an equivalent 
diameter of about 0.1 urn - about 10 urn and granules 



being formed by an additive granulation in a granulator 
This method for forming granules is well approved and 
allows a reproducible formation of granular material 
having the desired equivalent diameters with only small 
5 deviating fractions. 

[0020] In an alternative embodiment of the invention 
the biocompatible and biodegradable granules may be 
hollow instead of being solid granules. The use of hollow 
granules reduces the amount of implanted material and 
10 allows a better in situ integration. In a further advanta- 
geous embodiment, the granules may comprise at least 
one opening in the wall enclosing the interior hollow 
space, which opening in the wall is larger than micropo- 
res in the wall, and being preferably of macroscopic size. 
is By providing the hollow biocompatible and biodegrada- 
ble granules with an opening in the granule wall, thepos- 
sibility of a tissue in-growth into the biocompatible and 
biodegradable implants is enhanced. The hole with an 
opening in the granule wall may be produced from slurry 
20 consisting of the biocompatible material, water and an 
adhesive (Wintermantel et al. 1996). Droplets of the 
slurry are brought onto a heated plate. The water in the 
slurry droplet boils and evaporates instantaneously out 
of the droplets leaving an evaporation crater in the drop- 
25 let wall. When the droplets are cooled off, hollow gran- 
ules having an opening in the granule wall are formed. 
[0O21 ] The biocompatible and biodegradable coating 
has a thickness of 2 urn to 300 u.m, preferably about 5 
um to about 20 um. The mechanical stability of an im- 
30 plant made of coated granules depends on the thick- 
ness and the homogeneity of the coating. By an insuffi- 
cient coating thickness the granules cannot stick togeth- 
er in the required extent. On the other hand, large 
amounts of coating materials can lead to the decrease 
35 of the pH-value below pH 7.4 in the vicinity of the implant 
during its degradation. Therefore, the optimal thickness 
of the biocompatible coating is a result of a compromise 
between implant stability and the amount of material, 
which will degrade. The preferred coating thickness of 
40 the granules may also be expressed as a weight fraction 
of about 4% to about 15% coating materials of the total 
weight of the implant. The biocompatible coating is 
made of a biodegradable polymer. Thus, it is ensured, 
that after a specified and defined time period the coated 
45 granular material may degrade or be resorbed or dis- 
solve within the cavity without any residues. 
[0022] The coating of the biocompatible and biode- 
gradable granules may comprise one or more layers of 
varying average thickness. At least the outmost coating 
so layer is made of a biodegradable material. This embod- 
iment of the invention allows providing the biocompati- 
ble and biodegradable granules with several coatings 
for specific purposes. The outmost biodegradable coat- 
ing may be selected in accordance with a certain desired 
55 delay in degradabiiity. Thus, the coating layer under- 
neath is only exposed after a certain desired time period 
has expired. This, for example, allows a retarded deliv- 
ery of a bioactive substance. Thus, the biocompatible 
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and biodegradable granules may be coated with differ- 
ent coatings, which each is biodegradable and displays 
a specific effect. 

[0023] In a further embodiment of the invention a bi- 
ologically active substance is integrated into the bio- 
compatible and biodegradable granules and/or into the 
coating, and/or forming a coating layer itself. Thus, a 
controlled delivery of the biologically active substance 
is enabled. The amount of the biologically active sub- 
stance may easily be defined by controlling the coating 
process, for example. By integrating biologically active 
substance into a submerged coating layer or into the 
granular material itself, a controlled retarded release of 
the biologically active substance may be accomplished. 
[0024] The biocompatible and biodegradable im- 
plants are easily formed from biocompatible and biode- 
gradable granules. This implant comprises a number of 
coated biocompatible and biodegradable granules and 
may be shaped in any required manner. Thus, the bio- 
compatible and biodegradable granules form the pre- 
requisites for temporary implants : which may very easily 
be shaped to form an exact match of a freshly created 
cavity or extraction wound. The porosity of the implants 
is well controllable by the applied method for fusing of 
the granules. The coated granules are selected from 
solid granules, porous granules, hollow granules, hollow 
granules with at least one opening in the granute wall, 
or mixtures thereof. 

[0025] It may be advantageous to provide a biocom- 
patible and biodegradable implants, which comprises in 
addition non-coated biocompatible granules made of a 
biocompatible and biodegradable material selected 
from the group consisting of one of biopolymers.. bi- 
oglasses, bioceramics preferably calcium sulfate, calci- 
um phosphate such as monocalcium phosphate mono- 
hydrate, monocalcium phosphate anhydrous, dicalcium 
phosphate dihydrate, dicalcium phosphate anhydrous, 
tetracalcium phosphate, calcium orthophosphate phos- 
phate, oc-tricalcium phosphate, p-tricalcium phosphate, 
apatite such as hydroxy apatite, or a mixture thereof, and 
said granules being free from any coatings and selected 
from solid granules, porous granules, hollow granules, 
hollow granules with at least one opening in the granule 
wall, and mixtures thereof. The coated and uncoated 
granules are thoroughly mixed such, that they are safely 
fused together by the preferred method of production 
and still have the required stability. By providing a mix- 
ture of coated and non-coated granules for the produc- 
tion of the biocompatible and biodegradable implants, 
the amount of coating materials, which must degrade, 
may be further reduced. 

[0026] The biocompatible and biodegradable implant 
may consist of one type of biocompatible and biode- 
gradable granules only. In a preferred embodiment of 
the invention, the biocompatible and biodegradable im- 
plant is made of two or more kinds of coated granules. 
The term different includes biocompatible and biode- 
gradable granules having different sizes. The coated 



granules are distinct from each other and may consist 
of different biocompatible materials and/or comprise 
polymer-coatings, which are distinct from each other. 
Thus, an implant may be "designed" not only as an ideal 
5 match for a bone cavity or an extraction wound but also 
in accordance with further specific requirements, such 
as, for example, stability, resorbability and/or solubility 
of the implant. 

[0027] In a preferred embodiment the biocompatible 
10 and biodegradable implant is obtained from biocompat- 
ible and biodegradable granules which are fused togeth- 
er within a mold in a pressurized C0 2 atmosphere. The 
C0 2 atmosphere acts as a slight solvent with respect to 
the potymer-coated granules and enhances the linkage 
is of the granules with each other. The produced biocom- 
patible and biodegradable implants preferably comprise 
macropores in between the fused together granules. 
The macropores may be interconnected and have av- 
erage sizes from about 1 00 urn to about 500 urn, pref- 
20 erably about 200 u.m to about 300 u,m. The macropores 
serve to enhance the in-growth of tissue into the implant 
and thus allow a faster regeneration of the healing site. 
[0028] A preferred field of use for the biocompatible 
and biodegradable implant according to the invention is 
25 the use as a temporary replacement for an extracted 
tooth root or the like. Fusing of the individual polymer- 
coated granules to a matching implant may be accom- 
plished very easily and very fast on-site from prefabri- 
cated biocompatible and biodegradable granules. 
30 [0029] The biocompatible and biodegradable gran- 
ules may be spray-coated, preferably in a fluid bed ma- 
chine, or immersion-coated with the desired biocompat- 
ible polymer(s). Both methods lead to the biocompatible 
and biodegradable granules having the required prop- 
35 erties. The spray coating process in a fluid bed machine 
is preferred though, because it allows the fabrication of 
a great number of practically identical polymer-coated 
biocompatible and biodegradable granules in a very fast 
and economic manner. The technique is well proven and 
40 allows an easy control of the thickness of the coating 
layer(s) and the fabrication of biocompatible and biode- 
gradable granules having multiple coating layers, which 
are distinct from each other. The coating in f luidized bed 
machine results in a homogenous and continuous coat- 
45 ing, which offers a barrier against bacterial contamina- 
tion of the granules or of implants made therefrom. Dur- 
ing the coating process the granules do not adhere to 
each other, thus avoiding the formation of undesirable 
aggregates which might lead to highly inhomogeneous 
50 size distributions and coating thickness. The coated 
granules retain their excellent free-flow properties, 
which is necessary for an eventual further processing. 
Due to the homogeneity of the coating only a low amount 
of coating material, in particular PLGA, is required for 
55 the further consolidation of an implant. Thus, the risks 
of inflammation or tissue necrosis due to a massive re- 
lease of acidic products in the environment of an implant 
during its degradation are significantly reduced. An in- 
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tegration of biologically active substances into the coat- 
ing f ilm(s) may be well controlled by the coating in a fluid 
bed machine. Thus, each granules is loaded with the 
same amount of the biologically active substance. The 
thickness of the coating is well controlled in the process. 
Therefore, even the release of an integrated biologically 
active substance is predictable and well controlled. 
[0030] Biocompatible and biodegradable implants are 
made from coated granules of a biocompatible and bi- 
odegradable material. They may also comprise uncoat- 
ed granules. The granules are preferably fused together 
in a mold having a cavity corresponding to the required 
shape. After removal from the mold the implants need 
not be finished but may be directly inserted into a bone 
cavity or an extraction wound. However, due to the rel- 
atively high stability of the implants, they may even be 
further finished, such as, for example, by cutting away 
portions of the implant, if the need arises. 
[0031] The fusing together of the biocompatible and 
biodegradable granules may also be accomplished by 
heat treatment, or by exposure to a solvent. The select- 
ed method depends on the type of coating and may em- 
ploy even combinations of the different kinds of mechan- 
ical, physical and chemical processes. In a first method 
the biocompatible and biodegradable granules are 
fused together within a mold having the desired mold 
cavity by subjecting them to a pressurized CO a atmos- 
phere for a time span of at least about 3 seconds, typi- 
cally about 3 seconds to about 180 seconds. The C0 2 
atmosphere acts as a slight solvent with respect to the 
polymer-coated granules and enhances the linkage of 
the granules with each other. The pressure of the C0 2 
atmosphere ranges from about 20 bar to about 200 bar, 
preferably about 50bar At these pressures a reliable 
bondage of the granules to each other is achieved while 
at the same time avoiding a damage of the individual 
biocompatible and biodegradable granules. The bond- 
ing of the granules in a C0 2 atmosphere has the advan- 
tage that the produced biocompatible and biodegrada- 
ble implant does not require any purification step prior 
to implantation. 

[0032] In an alternative method the fusing together of 
the biocompatible and biodegradable granules is ac- 
complished by heat treatment. The fusion of the coated 
granules is achieved at elevated temperatures of about 
70°C to about 220°C, preferably about 75°C to about 
90° C. The heat treatment lasts for a time span of at least 
about 10 seconds, typically about 10 seconds to about 
5 minutes. 

[0033] The incorporation of growth factors into a bio- 
compatible and biodegradable implant can also be 
achieved very simply by mixing loaded microspheres 
with the bioocompatible and biodegradable coated 
granules. This allows manufacturing the coated gran- 
ules under non-aseptic conditions with subsequent ster- 
ilization , while the microspheres, which carry the growth 
factors, are produced under aseptic conditions. The 
mixing of the coated granules and the microspheres is 



done just before the preparation of the biocompatible 
and biodegradable implant. The bonding is achieved in 
a gaseous C0 2 atmosphere at low temperatures of 
about 20°C to about 37 °C and a pressure of about 20 
5 bar to about 200 bar, preferably about 30 bar to about 
40 bar. Under these conditions and at such low temper- 
atures, the growth factors may be handled easily without 
the danger of degradation or alteration. 



w BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] Further advantages of the invention will be- 
come apparent from the description of exemplary em- 
bodiments of the invention in which: 
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Fig. 1 is an electron microscope view of a biocom- 
patible and biodegradable coated granule 
used for the fabrication of implants according 
to the invention; 

Fig. 2 is a detail of a cross -sectional view of the coat- 
ed biocompatible and biodegradable granule 
and of Fig. 1 showing the homogeneous and 
thin coating of a microporous granule; 

Rg. 3 is an electron microscope view of a hollow 
granule having a macroscopic opening in the 
granule wall; and 

30 Rg. 4 is a light microscope cross-sectional view of a 
biocompatible and biodegradable implant 
made of a number of coated solid biocompat- 
ible and biodegradable granules demonstrat- 
ing the interconnected and open porosity in be- 
35 tween the granules. 

DETAILED DESCRIPTION OF THE INVENTION 

[0035] The coated granule 1 depicted in Figs. 1 and 
40 2 is of generally spherical shape. In spite of its usually 
relatively porous structure it has a very smooth outer 
surface due to being coated with a biocompatible and 
biodegradable polymer 3. The base 2 material in the 
shown embodiment is tricalcium phosphate (TCP). 
45 From Fig. 2, it is apparent that the granule 1 has a po- 
rous structure preferably comprising micropores having 
an average diameter of larger than 0 urn to about 1 0 u,m, 
preferably about 0.1 u,m to about 6 um It is to be noted 
that very densely sintered granules may have no micro- 
50 porosity at all. The coating 3 is a poly-lactide-co-glycol- 
ide (PLGA) and encloses the base material 2 completely 
like a shell. It has a thickness of about 2 u.m to about 
300 um, preferably about 5 u.m to about 20 pm 
[0036] Fig. 3 shows a hollow, generally spherical 
55 granule 11. The wall 13 of the granule 11 has an opening 
14, which communicates with the cavity 12 of the gran- 
ule. The hollow spherical granules 11 with an opening 
14 in the granule wall 13 may be produced from slurry 
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consisting of the biocompatible material, water and an 
adhesive. Droplets of the slurry are brought onto a heat- 
ed plate. The water in the slurry droplet boils and evap- 
orates instantaneously out of the droplets leaving an 
evaporation crater in the droplet wall. When the droplets 
are cooled off hollow granules 11 having a macroscopic 
opening 1 4 in the granule wall 1 3 are formed. This gran* 
ule may then be coated. 

[0037] Fig. 4 shows a light microscopy image of a 
cross-section of a TCP-PLGA implant 4 made of a 
number of granules 1 as depicted in Fig. 1 and 2. The 
implant may also be formed of hollow granules, or of 
hollow granules 11 having an opening In the granule wall 
13, as depicted in Fig. 3, or of mixtures thereof. The 
granules may all be coated or be only partly coated. The 
polymer coating cannot be observed at the shown mag- 
nification. The interconnected macroscopic porosity, 
however, can clearly be observed. The binary image of 
Fig. 4 is achieved after digitizing the image values, noise 
reduction and thresholding of the results. The granules 
1 are fused with each other, the fusing having been 
achieved within a mold in a pressurized C0 2 -atmos- 
phere. The individual granules 1 are fused together only 
by linkage of the polymer-coatings of the granules. The 
shape of the individual granules 1 is basically spherical. 
The depicted implant 4 is made of biocompatible and 
biodegradable granules 1 of different sizes in the range 
of about 500 urn to about 800 p.m, which results in an 
open interconnected structure with a good resistance to 
mechanical stress, such as, for example, pressure. 

Granular base material: 

[0038] Preferred biodegradable or bioresorbable ma- 
terials include bioceramicssuch as calcium phosphates 
and calcium sulfates, bioglasses, and mixtures thereof. 
The calcium-based ceramics include, as monocalcium 
phosphate monohydrate (MCPM, Ca(H 2 P0 4 ) 2 .H 2 0), 
monocalcium phosphate anhydrous (MCPA, Ca 
(H 2 P0 4 ) 2 ), tetracalcium phosphate (TetCP, Ca 4 
(P0 4 ) 2 0), calcium orthophosphate phosphate (OCP, 
Ca 8 H 2 (PO 4 ) 6 .5H 2 0), calcium pyrophosphate (CaP, 
Ca 2 P 2 0 7 ), dicalcium phosphate anhydrous (DCP, 
CaHP0 4 ), dicalcium phosphate dihydrate (DCPD, 
CaHPO 4 .2H 2 0), p-tricalcium phosphate (p-TCP, Ca 3 
(P0 4 ) 2 ), a-tricalcium phosphate (a-TCP, Ca 3 (P0 4 ) 2 ), 
and apatite such as hydroxy apatite (HA, Ca 10 (PO 4 ) 6 
(OH) 2 ). Calcium phosphate ceramics are known for their 
excellent biocompatibility and are therefore used in var- 
ious biomedical applications, HA and TCP among them 
being the most used bioceramics in orthopedic and 
maxillo-facial applications and for the treatment of bone 
defects. Their close ionic similarity with the mineral com- 
ponents of bone, their adjustable resorption kinetics to 
the need of a specific therapy and their bioactive prop- 
erties have been mentioned before in the prior art. While 
HA is commonly considered to be non-biodegradable, 
some resorption behavior has been reported in in-vivo 



studies (Oonishi et al. 1999). P-TCP is generally consid- 
ered to be biodegradable and is known to degrade faster 
than HA. After resorption of TCP in vivo new bone tissue 
is reported to replace the resorbed materials. 

5 

Preparation of p-TCP granules 

[0039] From p-TCP powder granules are prepared, 
for example, by a spheronization route. 70g p-TCP pow- 

10 der (purum p.a. >96%, Fluka, CH) is mixed with 1 g dex- 
trin (Relatin Dextrin K51) in a mortar. 20 ml deionized 
water is slowly added to the powdery mixture under con- 
tinuous stirring. The resultant paste is extruded through 
a multi-hole (o: 800uxn) nozzle (Cyclo, Typ XYCG, 

is Probst Technik, CH) and spheronized during ca. 3 min 
in apelletrounder (Probst Tech nik, CH) in order to obtain 
granules having an average diameter of about 350 pjn 
to about 1000 u,m. The obtained p-TCP granules with a 
diameter between 500 and 1 OOOujti are then calcinated 

20 and sintered at a temperature of 1150°C during4 hours 
in a furnace (Nabertherm, CH). 

[0040] Other method such as high-shear mixer and 
fluidized bed granulation can also be used in order to 
produce rounded granules. 

25 

Biocompatible and biodegradable polymer-coating 

[0041] Meanwhile a large number of biocompatible 
and biodegradable or bioresorbable polymers are 

30 known from the prior art, among poly(a-hydroxyesters) , 
poly(ortho esters), polyanhydrides, poly(phosp- 
hazenes), poly(propylene fumarate), poly(ester 
amides), poly(ethylene fumarate), polylactide, polygly- 
colide, polycaprolactone, poly(glycolide-co-trimethyl- 

35 ene carbonate), polydioxanone, co-polymers thereof 
and blend of those polymers. By way of example only 
the invention will be illustrated with reference to poly- 
lactide-co-glycolide (PLGA), which is known for its bio- 
compatibility and biodegradability. For this purpose, a 

40 solution of PLGA with a lactide to glycolide molar ratio 
of 50 / 50 (PLGA 50:50, Resomer RG503, Boehringer 
Ingelheim, D) in dichloromethan (CH 2 CI 2 ) is first pre- 
pared. The concentration of the polymer was about 0. 1 g 
to 0.2g PLGA 50:50 in 1 ml CH 2 CI 2 . The p-TCP granules 

45 are immersed in the PLGA 50:50 solution. While the re- 
sultant mixture is constantly stirred, the solvent evapo- 
rates until a thin film of polymer is deposed on the sur- 
face of the p-TCP granules. Agglomerated granules can 
be then separated using a labor mixer and sieved. The 

50 extraction of the solvent is finally carried out for 36h un- 
der vacuum (100mbar). 

[0042] A far more economic coating method, which 
results in a very homogenous coating of the p-TCP gran- 
ules is the spray coating process in a fluidized bed ma- 
ss chine (GPCG1, Glatt, D). For that purpose, 31 Og pure 
p-TCP granules (500-71 0pm) are placed on a perforat- 
ed plate. While airflows through the plate, the granules 
are fluidized. A cylinder, which may be placed in the 
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center above the perforated plate, canalizes the fluid- 
ized granules due to a flow gradient, which exists be- 
tween the center of the plate and the circumference 
thereof. In this case, a spray nozzle is located under- 
neath the cylinder in the center thereof. As the granules t 
are fluidized and flow up the cylinder, they are coated 
with a 7.5% w/w PLGA 50:50 (Resomer RG503, Boe- 
hringer Ingelheim, D) in CH 2 CL 2 solution. Due to the 
continuous circulation of the fluidized granules a very 
homogeneous coating is obtained. After spraying 570g i 
PLGA50:50 solution at a spraying rate of ca. 10 g/min, 
the coating process is stopped. With these coating pa- 
rameters, granules can be obtained with a coating layer 
corresponding to about 6 % of the total weight of the 
granules. The coated granules are then taken out of the 
fluidized bed machine and dried under vacuum 
(100mbar) during at least 24 hours. 
[0043] Using the same fluidized bed machine, it is al- 
so possible to coat p-TCP granules with PLGA85:15. 
(Resomer RG858, Boehringer Ingelheim, D). In one ex- 
periment, 493 g p-TCP granules (500-71 Oam) were 
coated with ca. 1300 PLGA85:15 in CH 2 CI 2 solution. At 
the end of the coating, coated granules with ca. 1 3% w/ 
w PLGA85:15 could be obtained. 

[0044] It is apparent for those skilled in the art that by 
selecting different coating solutions and varying the 
coating time, different layers of coatings having different 
thicknesses may be applied to the p-TCP granules. This 
includes the coating with biologically active substances 
as an individual coating or mixed or dissolved in the pol- 
ymer coating. 

Preparation of biocompatible and biodegradable 
implants 

[0045] p-TCP-PLGA biocompatible and biodegrada- 
ble implants are prepared from p-TCP granules, which 
are coated with at least one layer of PLGA. Various 
methods for the fabrication of implants may be used in 
order to fuse the polymer-coated granules together, 
among them heat treatments, application of solvents, 
use of pressurized C0 2 , chemical linkage, mechanical 
fusion by applying pressure, and mixtures of those 
methods. 

[0046] By a fusion method, which applies a heat treat- 
ment at moderate temperatures the biocompatible and 
biodegradable implant may be prepared as follows: 
700mg PLGA 50:50 coated p-TCP granules are poured 
into a polysiloxane mold, having the desired shape, and 
heated to a temperature of about 75°C to about 90°C. 
The granules are slightly compressed in the mold and 
kept at 75°C to about 90°C for at least about 10 sec- 
onds. Typically the process time amounts to about 10 
seconds to about 5 minutes, preferably for about 1 
minute to about 2 minutes. After that, the mold contain- 
ing the fused granules is cooled down to ambient tem- 
perature. After cooling, the polymer coating hardens 
and the implant becomes stable enough to be removed 



from the mold and implanted. 

[0047] The fusing of coated granules applying a meth- 
od using pressurized C0 2 may be carried out as follows: 
After filling a polysiloxane mold with a desired shape 
with 700mg PLGA 50:50 coated p-TCP granules, the 
mold is place in a high pressure vessel at room temper- 
ature. After closure of the vessel, C0 2 is introduced into 
the vessel until a pressure of about 50 bar is reached. 
The pressure is increased at a ramp of about 2 bar per 
) second. Once the maximum pressure is reached, it is 
held for at least about 3 seconds. Typically the pressure 
is held for about 3 seconds to about 1 80 seconds, pref- 
erably less than 30 seconds. Then, the C0 2 pressure is 
decreased at a rate of about 0.5 bar per second. As the 
5 C0 2 pressure in the vessel equilibrates with the outer 
atmospheric pressure, the vessel is opened and the 
mold is taken out. The implant made of the fused coated 
granules can then be extracted out of the mold. The 
whole process is preferably performed at room temper- 
o ature or at slightly elevated temperatures of about 24°C 
to about 37°C. Such an implant has a porosity of ca. 
55% and a median pore diameter of ca. 280 urn. 
[0048] Since the p-TCP granules are homogeneously 
coated with PLGA they are capable of fusing together 
?5 during the C0 2 treatment. The C0 2 acts as a solvent for 
the coating. This results in a decrease of the glass tran- 
sition temperature (T g ) of the polymer below the 
processing temperature. By the combination of the gas 
pressure and the reduction of T g the granules are able 
30 to fuse by polymer linkage only. Thus, it is apparent that 
a homogenous coating of the granular base material is 
an essential prerequisite for the fusing of the coated 
granules. The implants comprise interstitial spaces in 
between the fused granules. The size of the interstitial 
35 spaces is depending on the thickness of the coating, on 
the compaction of the implant, and on the size of the 
coated granules. Thus, an application of moderate ad- 
ditional pressure on the mold cavity during the fusing of 
the granules reduces the interstitial space and allows a 
40 control thereof. An implant having larger interstitial 
spaces may be desirable in order to provide room for 
the in-growth of newly formed tissue. 
[0049] Preparation of biocompatible and biodegrada- 
ble implants loaded with biologically active substances 
45 [0050] The processing using pressurized C0 2 for the 
fusing of the granules is preferred, because it permits to 
produce biocompatible and biodegradable implants in- 
cluding, for example, PLGA microspheres loaded with 
biologically active substances such as insulin like 
so growth facto r-1 (IGF-1). 

[0051] The preparation of biocompatible and biode- 
gradable implants loaded with IGF-1 could be carried 
out as follows: 25 mg PLGA50:50 microspheres (Re- 
somer RG502H, Boehringer Ingelheim, D) loaded with 
55 IGF-1 were mixed in a polysiloxane mould with 950 mg 
of coated granules using a small spatula. The granules 
used for this experiment were coated with PLGA50:50 
(Resomer RG502H, Boehringer Ingelheim, D) in order 
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to achieve a material compatible interface between the 
granules and the microspheres. For a homogenous mi- 
crosphere distribution through the scaffold, the polysi- 
loxane mould filled with the biomaterials was vibrated 
with a vortex device (level 3, Vortex Genie 2, Bender & $ 
Hobein, CH) during 20s. In order to prevent the segre- 
gation of the microspheres on the bottom of the mould, 
the mould was turned upside down and the vibrating 
was repeated . The consolidation of the implant was then 
achieved under pressurized C0 2 atmosphere at 30 bar 10 
during 60 s. After the consolidation step, the biocompat- 
ible and biodegradable implant loaded with IGF-1 could 
be extracted out from the mould and analyzed. 
[0052J The release kinetics of IGF-1 was investigated 
for microspheres loaded with this biologically active sub- is 
stance and for implants containing such loaded micro- 
spheres and consolidated using the pressurized C0 2 
technique. It appeared that after 1 day, the released 
amount of IGF-1 from the microspheres was ca. 40% 
and the released amount from the biocompatible and 20 
the biodegradable implant was ca. 13%. At day 7, the 
released amout of IGF-1 from the microspheres was ca. 
100% and the amount from the implant was ca. 80%. 
After about 20 days, the amount of IGF-1 was totally re- 
leased from the biocompatible and biodegradable im- 25 
plant. This demonstrates that such implants could be 
used as a drug delivery system for the treatment of bone 
defects. 



Claims 

1. Biocompatible and biodegradable implant for the 
filling of a cavity in a living organism such as, for 
example an extraction wound or any bone tissue 35 
defect, as obtained by fusing together through pol- 
ymer linkage of polymer-coated biocompatible and 
biodegradable granules, said granules being made 
of biocompatible and biodegradable materials 
which are selected from the group consisting of bi- *<> 
opolymers, bioglasses, bioceramics preferably cal- 
cium sulfate, calcium phosphate such as, for exam- 
ple, monocalcium phosphate monohydrate, mono- 
calcium phosphate anhydrous, dicalcium phos- 
phate dihydrate, dicalcium phosphate anhydrous, 45 
tetracalcium phosphate, calcium orthophosphate 
phosphate, calcium pyrophosphate, ct-tricalcium 
phosphate, p-tricalcium phosphate, apatite such as 
hydroxy apatite, or a mixture thereof and said gran- 
ules having an equivalent-diameter of about 350 um so 
to about 2000 um, preferably 500 um to 1000 um 
and preferably being of a regular shape, such as, 
for example, a spherical shape; a major portion of 
said granules being coated with at least one bio- 
compatible and biodegradable layer of a polymer 55 
selected from the group consisting of poly(a-hy- 
droxyesters), poly(ortho esters), poly an hydrides, 
poly(phosphazenes), poly(propyiene fumarate), 



poiy(ester amides), poly(ethyiene fumarate), poly- 
lactide, polyglycolide, polycapro lactone, poly(gly- 
colide-co-trimethylene carbonate), polydioxanone, 
co-polymers thereof and blend of those polymers 
and said polymer layer having a thickness of 2 um 
to 300 um, preferably about 5 pjn to about 20 urn, 
corresponding to a weight fraction of about 4% to 
about 15% of the weight of the said implant. 

2. Biocompatible and biodegradable implant as ob- 
tained by claim 1 , wherein the polymer-linkage is 
earned out such, that, after fusing of the granules 
together, an open interconnected porosity with ma- 
cropores having average diameter from about 100 
um to about 500 um, preferably about 200 urn to 
about 300 um is achieved. 

3. Biocompatible and biodegradable implant as ob- 
tained by claim 1 or 2, wherein the biocompatible 
and biodegradable granules are selected from solid 
granules, porous granules, hollow granules, hollow 
granules with at least one opening in the granule 
wall enclosing the interior hollow space, said open- 
ing in the wall being larger than micropores, said 
opening preferably of macroscopic size, and mix- 
tures thereof. 

4. Biocompatible and biodegradable implant as ob- 
tained by any one of the preceeding claims, wherein 
biocompatible and biodegradable granules are 
used, which are porous, preferably comprising mi- 
cropores having an average diameter of more than 
0 to about 10 um, preferably 0.1 to 6 [im, and/or 
comprising macropores having an average diame- 
ter of more than 1 0 um to about 500 um, preferably 
about 1 00 um to about 300 um. 

5. Biocompatible and biodegradable implant as ob- 
tained by any one of the preceding claims, further 
comprising at least one biological active substance 
which is integrated into the said granules and/or into 
the said biocompatible and biodegradable coating, 
and/or forming a coating layer itself. 

6. Biocompatible and biodegradable implant as ob- 
tained by any one of the preceding claims, wherein 
mixtures of non-coated and polymer-coated gran- 
ules are fused together. 

7. Biocompatible and biodegradable implant as ob- 
tained by any one of the preceding claims, wherein 
said biodegradable and biocompatible implant is 
made of two or more kinds of granules, said different 
kinds of granules being made of different biocom- 
patible materials and/or comprising polymer-coat- 
ings which are distinct from each other and/or hav- 
ing different equivalent diameters and/or compris- 
ing solid granules, porous granules, hollow gran- 



RNRnooin <FP 1344538A1 I > 



17 



EP 1 344 538 A1 



18 



tiles, hollow granules with at least one opening in 
the granule wall, and mixtures thereof, and said im- 
plant being shaped in the required manner. 

8. Biocompatible and biodegradable implant as ob- 5 
tained by any one the preceding claims, wherein the 
said granules are mixed with microspheres made 

of a biodegradable and biocompatible material and 
loaded with at least one biologically active sub- 
stance. 10 

9. Biocompatible and biodegradable implants as ob- 
tained by any one of the preceding claims, wherein 
said biocompatible and biodegradable granules are 
spray-coated, preferably in afluidized bed machine, 15 
with the desired biocompatible and biodegradable 
polymer, said polymer coating having a homoge- 
nous thickness of about 2 urn to 300 urn, preferably 
about 5 um to about 20 urn, corresponding to a 
weight fraction of about 4% to about 15% of the 20 
weight of the said implant. 

10. Biocompatible and biodegradable implant as ob- 
tained by any one of the preceding claims, wherein 
said granules are fused together in a mold in a pres- 25 
surized C0 2 atmosphere under a pressure of about 

20 bar to about 200 bar, preferably about 50 bar, for 
a time span of at least about 3 seconds, typically for 
about 3 seconds to about 180 seconds. 

30 

11. Biocompatible and biodegradable implant as ob- 
tained by any one of claims 1 to 9, wherein said 
granules are fused together by subjecting them 
within a mold to a heat treatment at elevated tem- 
peratures of about 70°C to about 220°C, preferably 35 
about 75°C to about 90°C for at least about 10 sec- 
onds, typically for about 1 0 seconds to about 5 min- 
utes. 

12. Method for the forming of a biocompatible and bio- *o 
degradable implant for the filling of a cavity in a liv- 
ing organism such as, for example an extraction 
wound or any bone tissue defect, by fusing together 
through polymer linkage of polymer-coated biocom- 
patible and biodegradable granules, said granules 45 
being composed of biocompatible and biodegrada- 
ble materials which are selected from the group 
consisting of biopolymers, bioglasses, bioceramics 
preferably calcium sulfate, calcium phosphate such 

as, for example, monocalcium phosphate monohy- so 
drate, monocalcium phosphate anhydrous, dicalci- 
um phosphate di hydrate, dicalcium phosphate an- 
hydrous, tetracalcium phosphate, calcium ortho- 
phosphate phosphate, calcium pyrophosphate, a- 
tricalcium phosphate, (3-tricalcium phosphate, apa- 55 
titesuch as hydroxy apatite, or a mixture thereof and 
said granules being selected from solid granules, 
porous granules, hollow granules, hollow granules 



with at least one opening in the granule wall, and 
mixtures thereof and having an equivalent-diameter 
of about 350 um to about 2000 um, preferably 500 
um to 1000 um and preferably being of a regular 
shape, such as, for example, a spherical shape; 
said granules being coated with a biocompatible 
and biodegradable layer of a polymer selected from 
the group consisting of poly(a-hydroxyesters), poly 
(ortho esters), polyan hydrides, poly(phosp- 
hazenes), polypropylene fumarate), poly (ester 
amides), poly(ethylene fumarate), polylactide, pol- 
yglycolide, polycaprolactone, poly(glycolide-co-tri- 
methylene carbonate), polydioxanone, co-poly- 
mers thereof and blend of those polymers and said 
polymer layer having a thickness of 2 um to 300 um, 
preferably about 5 u,m to about 20 pm, correspond- 
ing to a weight fraction of about 4% to about 1 5% 
of the weight of the said implant, and said granules 
being preferably sterilized and fused together within 
a mold by subjecting the granules for a time span 
of at least about 3 seconds, typically for about 15 
seconds to about 1 80 seconds to a pressurized C0 2 
atmosphere, said C0 2 atmosphere having a pres- 
sure of about 20 bar to about 200 bar, preferably 
about 50 bar at a temperature of about 20°C - about 
37°C. 

. Method for the forming of a biocompatible and bio- 
degradable implant for the filling of a cavity in a liv- 
ing organism such as, for example an extraction 
wound or any bone tissue defect by selecting gran- 
ules of biocompatible and biodegradable materials 
from polymer-coated and non-coated solid gran- 
ules, porous granules, hollow granules, hollow 
granules with at least one opening in the granule 
wall, and mixtures thereof, being preferably steri- 
lized and fused together within a mold by subjecting 
the granules for a time span of at least about 10 
seconds, typically of about 10 seconds to about 5 
minutes to a heat treatment at elevated tempera- 
tures of about 70°C to about 220°C, preferably 
about 80°C to about 85°C, said granules being 
composed of biocompatible and biodegradable ma- 
terials which are selected from the group consisting 
of biopolymers, bioglasses, bioceramics preferably 
calcium sulfate, calcium phosphate such as, for ex- 
ample, monocalcium phosphate monohydrate, 
monocalcium phosphate anhydrous, dicalcium 
phosphate dihydrate, dicalcium phosphate anhy- 
drous, tetracalcium phosphate, calcium orthophos- 
phate phosphate, calcium pyrophosphate, a-trical- 
cium phosphate, p-tricalcium phosphate, apatite 
such as hydroxyapatite, or a mixture thereof and 
said granules having an equivalent-diameter of 
about 350 um to about 2000 um, preferably 500 urn 
to 1 000 u.m and preferably being of a regular shape, 
such as, for example, a spherical shape; said gran- 
ules being coated with a biocompatible and biode- 
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gradable layer of a polymer selected from the group 
consisting of poly (a- hydroxy esters), poly(ortho es- 
ters), polyanhydrides, poly(phosphazenes), poly 
(propylene fumarate), poly(ester amides), polyeth- 
ylene fumarate), polylactide, polyglycolide, polyc- 5 
aprolactone, poly(glycoIide-co-trimethylene car- 
bonate), polydioxanone, co-polymers thereof and 
blend of those polymers and said polymer layer 
having a thickness of 2 \im to 300 u.m, preferably 
about 5 u.m to about 20 u.m, corresponding to a 10 
weight fraction of about 4% to about 15% of the 
weight of the said implant. 
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